Objective: To evaluate studies of pharmacist-led interventions on potentially inappropriate prescribing among communitydwelling older adults receiving primary care to identify the components of a successful intervention. Data sources: An electronic search of the literature was conducted using the following databases from inception to December 2015: PubMed, Embase, Cumulative Index to Nursing and Allied Health Literature, MEDLINE (through Ovid), Trip, Centre for Reviews and Dissemination databases, Cochrane Database of Systematic Reviews, ISI Web of Science, ScienceDirect, ClinicalTrials.gov, metaRegister of Controlled Trials, ProQuest Dissertations & Theses Database (Theses in Great Britain, Ireland and North America). Review methods: Studies were included if they were randomised controlled trials or quasi-randomised studies involving a pharmacist-led intervention compared to usual/routine care which aimed to reduce potentially inappropriate prescribing in older adults in primary care. Methodological quality of the included studies was independently assessed. Results: A comprehensive literature search was conducted which identified 2193 studies following removal of duplicates. Five studies met the inclusion criteria. Four studies involved a pharmacist conducting a medication review and providing feedback to patients or their family physician. One randomised controlled trial evaluated the effect of a computerised tool that alerted pharmacists when elderly patients were newly prescribed potentially inappropriate medications. Four studies were associated with an improvement in prescribing appropriateness. Conclusion: Overall, this review demonstrates that pharmacist-led interventions may improve prescribing appropriateness in community-dwelling older adults. However, the quality of evidence is low. The role of a pharmacist working as part of a multidisciplinary primary care team requires further investigation to optimise prescribing in this group of patients.
Introduction
Medication-related problems are common in older adults and are associated with increased morbidity, adverse drug events (ADEs), extended hospital stays and increased mortality. [1] [2] [3] Potentially inappropriate prescribing (PIP) can introduce the risk of an ADE which has the potential to outweigh the drug's clinical benefit, particularly when a safer or more effective alternative treatment option is available. 4 The term 'potentially' is used, as the physician may have considered the potential negative consequences of prescribing the drug as well as alternative treatment options for that patient but chose to proceed with a given approach. 5 Recent evidence indicates that the prevalence of PIP in older adults in primary care is high, with nationally representative estimates in Ireland, Northern Ireland and the United Kingdom at 36%, 34% and 29%, respectively, using an explicit measure of inappropriate prescribing. [6] [7] [8] Curtis et al. conducted a retrospective cohort study using a national sample of prescription drug claims for patients aged over 65 years enrolled with a pharmaceutical benefit manager in the United States. The study highlighted that more than one in five patients filled a prescription for one or more drugs of concern based on the Beers' revised list of drugs to be avoided in elderly populations. 9 A number of screening tools have been developed to assess the appropriateness of prescribing, which use an explicit (criterion-based) or implicit (judgement-based) approach. 3 Explicit tools are usually developed from published literature, multidisciplinary expert panels and consensus validation methods. The potential drawbacks of using explicit criteria include a lack of transparency of the literature used, reliability of the consensus techniques and conflicts of interest of the expert panels. 10 Explicit criteria include the Beers and STOPP/START (Screening Tool of Older Persons Prescriptions/Screening Tool to Alert doctors to Right Treatment) criteria. 4, 11 Beers criteria contain several medicines that are either not prescribed or not available in most European drug formularies, thus its application in an European Union (EU) setting is limited. 12 The STOPP criteria comprise a physiological system-based screening tool designed for use in Europe. It aims to identify potentially inappropriate medicines (PIMs) by listing explicit rules for avoidance of particular medicines in older people. In addition, potential prescribing omissions (PPOs) have been identified by an accompanying screening tool known as START. 13 In implicit approaches, healthcare professionals use information from the patient and published reviews to assess the appropriateness of medicines. 3, 14 The Medication Appropriateness Index (MAI) is an example of a validated implicit tool. 15 It consists of 10 criteria that relate to a number of different prescribing domains, for example, indication, effectiveness, dose, duration, correct directions, practical directions, drug-drug interactions, drug-disease interactions, duplication and cost. The tool generates a weighted score (ranging from 0 to 18) per drug that serves as a measure of medication appropriateness. A higher score indicates an increased level of inappropriateness. 15 The application of implicit tools is time-consuming, depends on the users knowledge and in addition, the MAI does not address under-prescribing. 3 Across transitions of care, evidence indicates that pharmacists play a significant role in gate-keeping medication appropriateness, with respect to quality and safety of prescribing. 16 Research suggests that pharmacists can reduce PIP and adverse health outcomes in patients across a range of healthcare settings by utilising explicit and implicit screening tools systematically. [17] [18] [19] [20] To date, evidence has been collated on various pharmacist-led interventions to reduce PIP across healthcare settings. However, no review has summarised the totality of evidence regarding the impact of pharmacist-led interventions to reduce PIP in older adults specifically in primary care.
Therefore, the aim of this review is to evaluate studies of pharmacist-led interventions on medication prescribing among community-dwelling older adults receiving primary care to identify the components of a successful intervention.
Methods

Standardised reporting guidelines
This systematic review adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) standardised reporting guidelines to ensure the standardised conduct and reporting of the research. 21 The PRISMA checklist is provided in Appendix 3.
Study identification
An electronic search of the literature was conducted using the following databases from inception to December 2015: PubMed, Embase, Cumulative Index to Nursing and Allied Health Literature (CINAHL), MEDLINE (through Ovid), Trip, Centre for Reviews and Dissemination databases, Cochrane Database of Systematic Reviews, ISI Web of Science, ScienceDirect, ClinicalTrials.gov, metaRegister of Controlled Trials (mRCT), ProQuest Dissertations & Theses Database (theses in Great Britain, Ireland and North America). A combination of the following keywords and MeSH terms were used: 'primary care' or 'primary health care' or 'outpatient care' AND 'prescribing' or 'prescription' and 'aged' or 'middle aged' or 'elderly' AND 'pharmacist' or 'pharmaceutical care'. There were no date or language restrictions on the searches. A list of the search strategies for each database is provided in Appendix 1. The references of final search results were handsearched along with handsearching the references of some already published reviews and the authors' own records. 17, 22 
Study selection
Studies were included if they met the following inclusion criteria:
Study design. All randomised (cluster) controlled trials (RCTs), quasi-RCTs, controlled before and after studies and interrupted time series (ITS) designs were included.
Population. Community-dwelling older adults aged ≥65 years. Studies based on nursing home populations were excluded. A recent Cochrane Review published by Alldred et al (2016) . 19 focused on interventions to optimise prescribing for older patients in care homes. In all 8 out of the 12 studies retrieved were pharmacistled. 19 Therefore, it was decided that this question had already been answered for patients in this particular setting.
Intervention. Pharmacist-led interventions were defined as any intervention where the pharmacist had the lead role in an intervention designed to reduce PIP or improve medication appropriateness in primary care. The comparison group was usual care or other active interventions not focused on medication appropriateness.
Outcome. The primary outcome measure was the change in prescribing appropriateness using a validated explicit or implicit screening tool for the detection of PIP, that is, Beers criteria, STOPP/START, MAI. Secondary outcomes included any clinical or patient self-reported outcomes (e.g. quality of life, patient satisfaction).
Studies were excluded if they were currently ongoing, if there was a lack of reply from the author for supplementary information and if they only carried out an economic analysis. A list of the excluded studies reviewed with reasons for exclusion is provided in Appendix 2.
Study selection and data extraction
Two reviewers (D.O.R. and K.W.) independently read the titles and/or abstracts of the identified papers and eliminated irrelevant studies. Studies considered to be eligible for inclusion were read in full and their suitability for inclusion was determined independently by two reviewers (D.O.R. and K.W.). Disagreements were managed by consensus. However, if this was not successful, consensus was sought by a third reviewer (S.B.).
Data were extracted based on study design and setting, patient demographics and inclusion criteria, details of the intervention and comparison, length of follow-up and outcome measures used. Authors were contacted to provide supplementary information when insufficient data were provided in the study. The authors of five studies were contacted for further information having read their titles and abstracts. Three replied; however, none of these studies fulfilled the inclusion criteria. Despite emailing the authors of the other two studies on two different occasions, we received no reply. Therefore, these studies were not included.
Assessment of risk of bias
Two reviewers (D.O.R. and R.G.) independently assessed the risk of bias for ITS using the Effective Practice and Organisation of Care (EPOC) risk of bias criteria and for RCTs using the Cochrane Collaboration's tool for assessing risk of bias. 23, 24 In any case of disagreement, consensus was reached with a third reviewer (K.W.).
Results
A total of 2193 studies were identified following removal of duplicates, and five additional studies were located from handsearching references. A PRISMA flowchart (Figure 1 ) describes the flow of studies in the review. A total of 58 fulltext studies were assessed for eligibility. At the end of the process, five studies were eligible for inclusion in the systematic review. Of the five included studies, three were conducted in the United States, one in Europe and one in New Zealand. [25] [26] [27] [28] [29] The characteristics of the five included studies are summarised in Table 1 .
Characteristics of included studies
Four of the studies involved a pharmacist carrying out a medication review and providing feedback to patients or their family physician. [25] [26] [27] [28] One study evaluated the effect of a computerised tool that alerted pharmacists at the point of dispensing when older patients were newly prescribed PIMs. 29 Bryant et al. involved pharmacists carrying out clinical medication reviews and providing feedback to the patient's physicians, while the control group received usual care which was not defined. A total of 269 patients were enrolled in the intervention group. The MAI score improved more in the intervention group than in the control group (mean change in MAI score −2.0 in the intervention group; −0.3 in the control group, p < 0.001). There were more medicines started in the control group than the intervention group (p < 0.0001), while there were more dosage reductions and medicine switches in the intervention group than in the control group (p = 0.037). 25 Hanlon et al. evaluated the effect of a pharmacist-led review of patient's medical charts, followed by a clinical recommendation to the family physician in 105 cases. The researchers also provided compliance strategies to the patients. Patients in the control group had their medications reviewed by a clinical nurse; however, the clinical pharmacist had no interaction with the patients or their clinicians during the study period. The MAI score improved more in the intervention group than in the control group (mean change in MAI score −4.9 in the intervention group; −0.9 in the control group, p < 0.001). There was no significant difference between groups regarding ADEs, p = 0.19, or Veterans Affairs (VA) medicines prescribed, p = 0.83. 26 Taylor et al. examined the effect of a pharmacist intervention that provided medication education to patients and therapeutic recommendations to their family physicians following a medication review in 33 older adults. A pharmacist evaluated the pharmacotherapy of each patient in the control group; however, no recommendations were reported to the patient or their physician. The percentage of inappropriate prescriptions decreased in all 10 MAI domains in the intervention group and increased in five domains in the control group. Clinical outcomes such as hypertension, diabetes mellitus, dyslipidaemia, anticoagulation, hospitalisations and emergency department (ED) admissions were reported. Compared to the control group, the intervention group was more likely to have controlled blood pressure (p = 0.001), HbA1 c (p = 0.001), low-density lipoprotein (LDL) cholesterol (p = 0.001) and international normalised ratio (INR) (p = 0.048). There were fewer hospitalisations (2 vs 11, p = 0.003) and ED visits (4 vs 6, p = 0.044) in the intervention group compared to the control group. 27 Richmond et al. developed pharmaceutical care plans among pharmacists and family physicians. The pharmaceutical care model involved pharmacists carrying out medication reviews and collaborating with physicians, patients and carers to identify issues with compliance and adverse drug reactions. It was hypothesised that the review process would also serve to encourage the prescribing of generic medicines and reduce health costs. Following this, pharmacists conducted monthly medication reviews with feedback to the physicians. The usual care group consisted of patients within each of the five primary care trusts (PCTs) on a waiting list to receive pharmaceutical care. A total of 551 participants completed the study. Results demonstrated that the pharmaceutical care model did not affect the appropriateness of prescribing (mean change in UK-MAI score from baseline to the end of the intervention was −0.26, p > 0.05). Also, the pharmaceutical care model was not associated with any of the reported serious adverse events. 28 Finally, Raebel et al. estimated the effect of a computerised tool that alerted pharmacists at the point of dispensing when older patients were newly prescribed PIMs. Pharmacists and physicians collaborated to develop a targeted medication list for the intervention group based on the Beers, Zhan and Kaiser Permanente Care Management Institute lists of medications to be avoided in older people. [30] [31] [32] The intervention group consisted of 29,840 patients. When a patient randomised to the intervention group was prescribed a new PIM, the pharmacist was notified via a medication alert generated from an electronic database. Pharmacists were required to complete a note on a standard intervention template before printing a label to dispense the prescription. Pharmacists were then instructed to telephone the prescribing physician to suggest alternatives. Patients in the control group received medication prescribing and dispensing according to usual clinical practice. When medications were dispensed, monitoring and patient management proceeded according to the prescriber's usual procedures. Over the course of the study, 1.8% of intervention group patients versus 2.2% of control group patients had a newly prescribed PIM (p = 0.002). The relative risk reduction (RRR) and absolute risk reduction (ARR) were 16% and 0.3%, respectively. The dispensing rates for amitriptyline (p < 0.001, RRR 37%) and diazepam (p = 0.02, RRR 21%) also differed significantly between groups. 29 The appropriateness of sample sizes was addressed by Hanlon et al. 26 and Richmond et al. 28 Taylor et al. 27 and Raebel et al. 29 did not carry out a sample size calculation. Finally, Bryant et al. 25 calculated the sample size based on the quality-of-life tool, the SF-36; however, it is unclear how many physicians were enrolled in each arm of the study.
Characteristics of the pharmacist's interventions
The characteristics of the criteria applied, healthcare professionals involved in each study and details of the pharmacist interventions are summarised in Table 2 . The MAI criteria were used in four of the studies. 14, [25] [26] [27] [28] In the Raebel et al. 29 study, the Beers criteria and Zhan criteria were used. [30] [31] [32] According to Richmond et al. 28 and Raebel et al., 29 pharmacists did not have access to medical notes. A medication review was conducted in four studies. [25] [26] [27] [28] In two studies, Hanlon et al. 26 and Taylor et al. 27 involved pharmacists providing patients with written educational materials as part of the intervention. Pharmacists in four of the studies provided feedback to the physicians orally or in the written format. [25] [26] [27] 29 Two of the studies provided feedback via both methods of communication. 26, 27 It is not clear from the Richmond et al. 28 . study how feedback was communicated to physicians. Finally, one study involved an educational meeting with physicians. 28 
Results of the risk of bias assessment
The results of the risk of bias are presented in Tables 3 and 4 . Common sources of bias included inadequate sample size, performance bias and spectrum bias. Overall, the authors considered four of the five studies to be at high risk of bias.
Synthesis method
Due to the heterogeneity of the interventions and outcome measures reported, a narrative synthesis was carried out.
Discussion
Statement of principal findings
This systematic review examined the impact of pharmacistled interventions on appropriateness of prescribing in older adults in primary care. Interventions across the five studies consisted of structured medication reviews or computer alerts. Three of the five studies reported an improvement in the MAI score in the intervention group compared to the control group. [25] [26] [27] Raebel et al. 29 reported a reduction in newly dispensed PIMs. Richmond et al. 28 reported that pharmaceutical care undertaken by community pharmacists did not significantly change the appropriateness of prescribing in older patients. One of the limitations from this study was that the pharmacists were unable to gather detailed clinical records for patients. This may have led to an underestimation of the true MAI score. 28 In three studies, pharmacists had access to the patients' medical notes. [25] [26] [27] This may have impacted on the nature and scope of the medication review by pharmacists. Another limitation was that the pharmacists reported difficulties in accessing patients and physicians in order to prepare and discuss the pharmaceutical care plan. This was despite the fact that joint collaborative training on pharmaceutical care was provided to pharmacists and physicians. 28 The two studies that involved pharmacists providing patients with written education materials may have further improved their understanding of and compliance with medicines. 26, 27 In the study by Bryant et al. 25 , the medication review was conducted in the pharmacy or at the patient's home. Although the MAI score improved more in the intervention group than in the control group, approximately 40% of the pharmacist recommendations were not implemented by the physicians. It is not known whether the non-implementation was due to the physician-pharmacist relationship or whether there were other barriers involved. 25 According to Raebel et al. 29 , the absolute difference in dispensing numbers between intervention and control groups was minimal. This was despite the fact that pharmacists and physicians collaborated to develop a list of medicines for the intervention, specific intervention guidelines and patient counselling scripts. The study highlights the difficulty in modifying prescribing behaviour even though the intervention was fully advocated by the physicians. 29 Finally, in the study by Hanlon et al., the target population was elderly male veterans. This may impact on the generalisability of the study findings. 26 
Clinical significance of MAI change
In the studies carried out by Hanlon et al. 26 and Taylor et al., 27 the authors conclude that the clinical significance of the change in MAI remains unclear and highlight this as a potential limitation. Bryant et al. 25 suggest that further research be carried out to determine the relationship between the MAI and hospitalisation rates. Finally, in the Richmond et al. 28 study, the pharmaceutical care model carried out by pharmacists did not significantly change the appropriateness of prescribing or quality of life in older people.
A narrative review identified seven studies that evaluated the predictive validity of the MAI in relation to various health outcomes. 14 Three studies involved VA outpatients or VA medical centres across the United States. [33] [34] [35] In these studies, higher MAI scores were significantly associated with unscheduled ambulatory or ED visits and inadequate blood pressure control, ADEs using modified MAI scores and adverse drug reactions by drug-disease interaction criteria. [33] [34] [35] Results in the context of the current literature A systematic review by Kaur et al. evaluated various interventions and strategies to reduce inappropriate prescribing in 26 Low 29 Low 27 Unclear 17 A review by Castelino et al. evaluated 12 interventions involving pharmacists that focused on reducing inappropriate prescribing in older adults across different healthcare settings. The selected studies highlighted pharmacists working independently or as part of multidisciplinary healthcare teams. The services provided by pharmacists commonly involved some form of medication review, highlighting the important role that pharmacists play in optimising medication use for this group of patients. 18 The current systematic review has highlighted that pharmacist-led interventions involving access to medical notes and medication reviews conducted in physician practices with feedback to physicians may improve prescribing appropriateness in community-dwelling older adults. The findings are broadly in-keeping with other reviews including a recent systematic review with meta-analysis conducted to determine the effectiveness of pharmacist interventions to reduce PIP in older adults admitted to hospital. The review concluded that pharmacists carrying out medication reviews as part of multidisciplinary patient care teams may improve the quality of prescribing in older hospitalised patients. 17, 20, 22, 36 In addition, the findings are consistent with the evidence highlighted that the quality of prescribing for older people in primary care could benefit from pharmacist-physician collaboration.
Clinical implications and areas for further research
This review has implications for clinical practice and future research, in particular, with respect to the emerging role that pharmacists play in moderating medication appropriateness in primary care.
There is a growing need for improved collaboration between physicians and pharmacists in order to optimise prescribing practices in primary care. Collaborative multidisciplinary models can improve the care of older adults with chronic multimorbidities. 37 The PINCER trial is an example of such a model. It highlighted the benefit of a pharmacist-led intervention in general practices in the United Kingdom. The practices were cluster randomised to a pharmacist-led information technology intervention group or a control group. This trial demonstrated that the PINCER intervention was effective at reducing medication errors in general practice. 38 Schmader et al. demonstrated that compared with usual care, inpatient and outpatient geriatric evaluation and management programmes involving pharmacists reduced suboptimal prescribing in frail elderly patients. The outpatient geriatric teams also reduced serious adverse drug reactions. 39 The diverse range of outcome measures used in studies of prescribing appropriateness has made it difficult to make firm conclusions in this field. Ideally, prescribing outcome measures should be linked to important clinical outcomes such as morbidity or mortality. A pan-European study is currently underway and may add clarity to this issue: The OPERAM (Optimising thERapy to prevent Avoidable hospital admissions in the Multimorbid elderly) study aims to reduce the rates of over-and under-prescribing of medications among multimorbid older European adults. While PIP is one measure among others at measuring optimal prescribing, there is an underreporting of medication errors in the literature. One major component of this large multi-centre randomised clinical trial will be the use of a sophisticated software tool to optimise medication therapy and to determine whether the applied intervention can improve clinical outcomes such as drug-related admissions (DRAs), humanistic outcomes such as quality of life and reduce healthcare costs (https://operam2020.tp21.com).
Educational outreach interventions or 'academic detailing' provided by pharmacists (or other clinicians) to physicians in primary care is an area for further research. The term 'academic detailing' was coined by Jerry Avorn, MD, over 30 years ago. 40 Clinical educators, who are usually pharmacists, nurses or physicians, are trained to provide accurate, balanced, non-commercial and up-to-date synthesis of the best clinical evidence in an engaging format with healthcare physicians. 40 Information highlighted to physicians often includes recommendations about alternative treatment regimens or non-pharmacological interventions where appropriate. These recommendations are designed to complement the clinical judgement of a physician and not to replace it. 41 This evidence-based strategy has been shown to be an effective means of changing physician behaviour and improving patient care. 42 For example, a pharmacist-led intervention comprising academic detailing demonstrated an improvement in statin prescribing in high-risk patients in primary care. 43 There is a dearth of research examining the cost-benefit analysis of pharmacist-led interventions to improve prescribing patterns in healthcare. Cowper and colleagues 26, 44 conducted a cost analysis of a previously reported RCT. The total cost of the clinical pharmacist intervention was US$120 per patient per year. This intervention was a cost-effective means at improving prescribing among elderly outpatients. 44 In the PINCER trial, the cost per error avoided was estimated by incremental cost-effectiveness analysis. The pharmacistled intervention had a 95% probability of being cost-effective at various time points throughout the trial. 38 The economic benefits of using validated screening tools in primary care are currently limited and require further research.
Strengths and weaknesses
This is the first systematic review to focus specifically on the impact of pharmacist-led interventions on prescribing appropriateness in older adults in primary care. An explicit and robust methodology was applied to identify and synthesise the study findings. However, the findings of the review need to be interpreted in the context of the study limitations. First, the methodological quality of the studies was poor overall, limiting the generalisability of the findings. Second, despite applying a comprehensive search strategy, only five studies were eligible for inclusion in the review. Third, the lack of standardised reporting across studies limited the statistical pooling of data. Moreover, three studies reported an improvement in the MAI score for the intervention group compared to the control group; however, the effect sizes are small which highlights the need for further research to assess the impact of pharmacist-led interventions in primary care. Furthermore, the clinical impact of reducing surrogate markers such as the MAI remains unknown and requires further investigation. However, one of the aims of the OPERAM study is to link prescribing outcome measures with clinical outcomes such as hospital admissions. Finally, large clusterRCTs that are methodologically robust and have a long duration of follow-up are needed to address patient-focused outcomes. In addition, reviews on the appropriateness of prescribing are warranted among other vulnerable populations including paediatric patients, drug users and prisoners.
Conclusion
This review concludes that pharmacist-led interventions involving access to medical notes and medication reviews conducted in physician practices with feedback to physicians may improve prescribing appropriateness in communitydwelling older adults. Interventions where computer alerts that help to inform pharmacists of PIMs may also improve prescribing appropriateness. However, it is unclear if these interventions result in clinically significant improvements in patient outcomes. Furthermore, high-quality research should be conducted to explore the generalisability of these interventions. Finally, the role of a pharmacist working as part of a multidisciplinary primary care team requires further investigation to optimise prescribing in this group of patients.
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Study number
Article
Reason for exclusion
5.
Minimizing risk and maximizing outcomes in geriatric patients through integrated clinical pharmacy services in an innovative model of community practice. Source: Clinicaltrials.gov
The recruitment status of this study is unknown because the information has not been verified recently. Observational study.
6.
Study of whether educational visits to primary care professionals improves the quality of care they provide. Source: Clinicaltrials.gov Not relevant. The intervention was evaluated using prescribing analysis and cost (PACT) data for antidepressant drugs.
7.
An intervention study to reduce the use and impact of potentially inappropriate medications among older adults. 
